Spears of asparagus (Asparagus officinalis) are commonly consumed and appreciated because they are low in calories and provide substantial amounts of reducing sugars and very low amounts of fructooligosaccharides (FOS), and these polymers are well-known for health benefits. Many investigations were carried out on asparagus FOS structures, enzymology and molecular biology, while few investigated carbohydrate content of edible spears after harvesting. The objective of our investigation was to assess contents of total soluble sugars (TSS), reducing sugars (RS), and ketoses contents and invertase activity in different portions (top, middle and bottom) of green and white asparagus spears that differed in commercial sizes (long: 25-26 cm, medium: 19-20 cm and short: 14-15 cm). TSS consist mainly of reducing sugars, and small amount of low DP (degree of polymerization) FOS content as 1-kestose and neokestose. TSS content was a little higher in long spears, and decreased from bottom to top portion. RS showed similar variations although TSS and RS contents of white asparagus were higher than those of green asparagus. Ketoses contents showed close similarity to TSS and RS, with little differences between middle and bottom portions. Invertase activity of green asparagus was higher than that of white asparagus. On the other hand, this activity increased from the bottom to the top portion where high activity was noted in both white and green asparagus. Probably, low TSS, RS and ketoses contents, and high invertase activity observed in the top portion of asparagus spears might be related to the high metabolism occurring in this portion which contains the zone of elongation and thus is characterized by intense metabolic activity.
INTRODUCTION
Spears of asparagus, a hardy perennial plant, is commonly consumed and appreciated because it is low in calories and provides substantial amounts of reducing sugars and very low amount of fructooligosaccharides (FOS), and these polymers are well known for health benefits (Lipton, 1990) . The chemical characteristics of the spears are highly affected by temperature (Alam et al., 1998) , growth conditions (Lill et al., 1990) , and harvest date (Hurst et al., 1993) . Carbohydrates are the major constituents of the edible asparagus spears and they contribute considerably to their quality (Lipton, 1990) . The main carbohydrates in the spears are glucose, fructose and sucrose (Hurst et al., 1993; Alam et al., 1998) , while presence of FOS has never been reported. Carbohydrates of spears are translocated from storage roots to spears, where they are hydrolyzed into hexoses and used during the catabolic activities of spears (Hurst et al., 1993) . Thus, the soluble carbohydrate levels decline rapidly especially during the first hours following harvest, and this decline triggers deterioration in the spears (Irving and Hurst, 1993; King et al., 1993) . Beside that, low levels of FOS are detected in aerial parts of asparagus, it remains still unclear the reason for the difference of FOS content and distribution in the different portions of the spears. The role of FOS in spear tissue is unknown. It is not clear whether their presence results from a simple translocation from roots to spears to provide energetic substrate, or that they are translocated to play specific roles such as osmoregulation, or to compensate, even weakly, for the rapid decline of sucrose in tips.
Many investigations were carried out on, structures (Shiomi et al., 1976 (Shiomi et al., , 1979 (Shiomi et al., , 1991 (Shiomi et al., , 1981 (Shiomi et al., , 1991 (Shiomi et al., ,1993 , enzymology (Shiomi, 1989) 
MATERIALS AND METHODS
Fresh spears of asparagus (cv. Mary Washington 500) were obtained from an experimental field of Hokkai Seikan Co. Ltd, Hokkaido, Japan. The average temperatures and rainfalls of the region are as follow: March-May: 0-9ºC, 72 mm; June-August: 14-23ºC, 87 mm. Three sizes; long (L, 25-26 cm), medium (M, 19-20 cm) and short (S, 14-15 cm), of green asparagus, and two sizes, medium (M, 19-20 cm) and short (S, 14-15 cm), of white asparagus were assessed. Because the distribution of carbohydrates in spears is not homogenous, spears were divided into three portions: top, middle and bottom parts.
Sugars were separated using high performance anion exchange chromatography and pulsed amperometric detector (HPAEC-PAD as described by Shiomi et al. (1997) . Total soluble sugars were extracted by aqueous ethanol (70%) and quantified by the anthrone method (Morris, 1948) and content of reducing sugars were measured by the method of Somogyi and Nelson (Nelson, 1944 , Somogyi, 1945 , 1952 . Content of ketoses was determined by the method of Roe et al. (1949) . Invertase was extracted with phosphate-buffer (pH 7.0) at 4°C, and the activity was determined, as described by Shiomi et al. (1997) . The spears, harvested within one harvesting season and the same day, were divided into 3 sizes as described above. For each portion and size, three replicates were sampled and analyzed, and data, expressed on fresh weigh basis, were averaged.
RESULTS AND DISCUSSION

Carbohydrates
Sugar analysis by HPAEC-PAD showed that glucose, fructose and sucrose constitute the major part of the total soluble sugars. Glucose, fructose and sucrose averaged 6.43 ± 0.46 mg g -1 FW, 10.51 ± 0.80 mg g -1 FW and 3.34 ± 0.84 mg g -1 FW respectively, while 1-kestose and nystose were very low and averaged 39.7 ± 4.7 μg g -1 FW and 29.7 ± 2.7 μg g -1 FW respectively. Total sugar content showed a difference between the top and the bottom portions in green and white asparagus spears (Fig. 1) . However, total sugars in the middle and bottom portions were slightly higher in short spears than in long spears of white asparagus, In green asparagus, total sugars contents of middle and bottom portions were higher, while little difference was observed between long, middle and short spears. Content of reducing sugars showed a similar pattern to that of total sugars and was higher in the top of short spears, while it was higher in middle and bottom portions of long spears of green asparagus (Fig. 2) . In contrast, content of reducing sugars was higher in all portions of short spears of white asparagus. The content of reducing sugars in whole green spears was higher in short and long spears and lower in middle spears. Content of ketoses in top portions was also lower than in bottom portions of both green and white asparagus, while the content did hardly show significant differences among spears sizes (Fig. 3) .
Bhowomik et al. (2002) reported similar results and noted that total sugar content was higher in bottom portions than in top portions. Hurst et al. (1993) reported that glucose, fructose and sucrose levels in top portions of green asparagus were higher in short spears than in long spears, while their levels were higher in bottom portions than in top portions. The low contents of reducing sugars observed in middle spears could probably be due to the intense metabolism and more intense elongation of the tips than in short and long spears.
This low content results from the low level of sucrose which is lower during growing stage than in young or mature stages in plants (Ross et al., 1994) . Guo et al. (2001) investigated carbon metabolism in developing green spears and found that sucrose content was slightly lower during development stages of 10 and 20 cm length. The authors also reported that hexoses contents of lower portions are higher than that of top portions and tips. On the other hand, no study has investigated yet the non structural carbohydrates in white asparagus. However, this difference could be due to the nature, green or white, of the spears, where metabolic activity is higher in green vegetables. This hypothesis is well supported by invertase activity which is higher in green spears as is presented below.
Invertase Activity
Invertase activity was two times higher in green asparagus than in white (Fig. 4) . However in both green and white spears, invertase activity was three times higher in top compared to bottom portions. We also noted that invertase activity was higher in short green spears than in long spears, while the activity in short white spears was lower than middle ones.
Bhowomik et al. (2001) reported similar results and noted that soluble invertase activity was two times higher in top portions than in bottom portions. Hurst et al. (1993) noted that the activity of neutral invertase of middle portions was slightly higher, but that activity in top portions was higher than in bottom portions. The high activity of invertase observed in green asparagus is probably due to the nature of the spears which are characterized by high metabolic activity compared to white spears where the catabolism is lower inducing low demand of substrate and energy.
CONCLUSIONS
In conclusion, it appears that carbohydrate content of asparagus spears declines along the spears from the bottom to the top regardless of the size. Although for green asparagus this decline is strong from top to middle and less further to the bottom. Long green asparagus spears had higher sugar contents than short spears, while spears of the middle length class had the lowest amount of sugars. Short white spears had higher content of sugars than the middle class of spears. From a physiological point of view, these results highlight well the intense activity of the top portions containing meristematic tissues responsible for the spear elongation. Finally, it could be of interest to study the profile of the other fructooligosaccharides and their metabolizing enzymes to fulfill our aim to understand the metabolism of FOS in asparagus spears and their roles during the post harvest life of this crop. Alam, A.K.M.S., Matsui, T. and Ikeuchi, T. 1998 
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